Abstract. Phytosociological studies help to understand extent of biological invasion. Multiple analyses of ecological parameters at different locations derive general explanations of impact on species diversity in plant communities. Current study assessed the impact of Parthenium hysterophorus (an annual weed of great significance in Pakistan and worldwide) invasion on native vegetation in Pothwar region of Pakistan. The approach used for the study was random samplings with two categorical factors: invaded and non-invaded under same habitat conditions. Differences in number of species (S), abundance (N), species richness (R), evenness (Jꞌ), Shannon diversity index (Hꞌ) and Simpson index of dominance (λ) were compared between invaded and control plots by t-test series. Control plots harbored by average of 0.9 more species per 10 m 2 . The control category was more diverse (Hꞌ = 1.73) than invaded category (Hꞌ = 1.53). The higher value of species richness in control plots shows the heterogeneous nature of communities and vice versa in invaded plots. The lower value of index of dominance in invaded plots shows less sample diversity than in the control ones. At multivariate scale, ordination (nMDS) and ANOSIM showed significant magnitude of differences between invaded and control plots in all sites. The most effected site by Parthenium invasion was Jhelum followed by Attock, Rawalpindi, Chakwal and Islamabad. The decrease in diversity indices in invaded over control sites indicated less productive plant communities due to Parthenium invasion. This makes Parthenium a candidate of consideration for appropriate control measures.
Introduction
There has been a rapid acceleration in the number and rate of plant invasions attributed to increased dispersal of exotics and expansion of disturbed habitats associated with rapid human population growth (Collier and Vankat, 2002) . The introduction of invasive plants may change the structure and function of ecosystem, e.g., alterations in succession, species composition, biomass, net primary productivity and nutrient cycling (Charles and Dukes, 2007; Dassonville et al., 2008) . Invasive species may also deplete available resources. Other studies have shown changes at population, community and landscape levels (Collier and Vankat, 2002; Qureshi et al., 2014) . Consequently, studying the community level impacts of the invader identifies its Parthenium is one of the worst weeds presently known in Pakistan. No previous study is reported from Pothwar region regarding its ecological impacts. The current study was carried out to find out (1) what is the effect of Parthenium weed on ecological diversity indices in different districts of Pothwar region (assuming each district as 'site'); (2) do the effects on diversity differ between different sites (districts) in the area?
Materials and methods

Study area
Pothwar is a north-eastern plateau in Pakistan, making the northern part of Punjab. It edges Azad Kashmir (the western parts) and Khyber Pakhtunkhwa (southern parts). Pothwar Zone extends from 32.5°N to 34.0°N latitude and 72°E to 74°E longitude and lies between the Indus and Jhelum River. The plateau expanses from salt range northward to the foothills of Himalayas. The Pothwar region embraces Jhelum, Islamabad, Attock, Rawalpindi and Chakwal districts ( Table 1) . Total area of Pothwar region is 28488.9 km 2 . (Rashid and Rasul, 2011) . Pothwar region has an extreme climate with hot summers and cold winters. Weather is divided into four seasons: Cold (December-March); Hot (April-June); Monsoon (July-September) and Post-Monsoon season (October-November). This area gets an average annual rainfall of 812 mm, about half of which occurs in the Monsoon months (July-September). The mean maximum temperature rises till the month of June and then falls appreciably with advent of rains, being coldest in January (14.62-18.7 °C). Average temperatures range from 14 °C in January to 37 °C in June (Fig. 2) . The region has broadly four types of soil: loess, river alluvium, residual and piedmont alluvium. Due to dynamic climate and combination of hills and plains, Pothwar region is rich in biodiversity. Native 
Experimental design
Field work was carried out during July-August (being the maximum growth period of plants), 2016. The effect of invasion was studied in each of five districts (Attock, Chakwal, Jhelum, Islamabad and Rawalpindi). Ecological indices for selected invaders Qureshi et where the invader showed dominance was considered as 'treatment' and a second vegetation plot, usually 0.5-1 km apart from treatment, where invader has no dominance ('non-invaded plot') was considered as the "control". The estimated density of the weed in the area across locations was 4/m 2 . In all, a total of 60 vegetation plots were sampled (consisting of six paired samples per district, and hence 30 treatments; 30 controls for the entire Pothwar region) (Fig. 3) . Within each randomly chosen plot (10 m 2 in area), all vascular plant species in control and invaded plots were identified to species level. 
Data analyses
Species frequency data were created and invasion impacts of P. hysterophorus on local flora were assessed by calculating and comparing ecological indices including Margalef's index of richness, Shannon-Weaver index of diversity, Simpson index of dominance and index of evenness for control and invaded sites (Magurran, 1998) . These parameters were calculated as (Eqs. Index of evenness
Hꞌ is Shannon's index; S = Number of species. Rarefaction curves were plotted to determine if sampling was adequate in each district using observed, Coleman's, Jackknife, Bootstrap and Chao2 models in PRIMER v. 7 (Clarke and Warwick, 2001 ). All gave comparable results; consequently only that of real (observed) data are presented. Data were then subjected to univariate and multivariate analyses of non-metric multidimensional scaling procedure (Clarke and Gorley, 2015) . Data were log transformed to achieve criteria of normality (evenness and Simpson index of diversity). For invasion impact analysis, diversity indices including total number of species (S), abundance (N), species richness (R), species evenness (Jꞌ), Shannon index of diversity (H′) and Simpson index of dominance (λ) were calculated for control as well as for invaded plots. The above ecological indices were subjected to analysis of variance (ANOVA) with invasion status and districts as factors using IBM SPSS v. 21. Differences between ecological indices for five districts were individually tested for significance between invaded and control plots by multiple comparisons tests of t-test. Data were further analyzed for species assemblages by non-metric multidimensional scaling (nMDS) in two-three dimensions with invasion status (control, invaded) as factor using PRIMER V.7 software. nMDS was used to ordinate the similarity of data between site categories (invaded, control) based on Bray-Curtis dissimilarity matrix following log-transformation of species abundance data due to zero species count in some plots. The range of clustering of sites and locations in response to invasion were assessed by analysis of similarity (ANOSIM) and similarity percentage (SIMPER). ANOSIM relates mean difference of ranks between and within groups, 
Results
To assess sampling completeness, rarefaction curves plotting cumulative number of species as a function of sampling effort were used which indicated that sampling was reasonably complete (Fig. 4) . A total of 56 plant species from 50 genera were documented during the study ( Table 2) . A total of 56 species were recorded in control plots compared with 37 in infested plots. Mean species diversity and richness/quadrat was higher in control plots (Fig. 5) . Comparisons of ecological indices showed significant difference across districts and invasion status. Parthenium invasion exhibited variable impact across five districts by reducing species number per plot (S) and abundance (N) up to a maximum of 40% in Attock. Control plots harbored on average 6.033 ± 1.75 (mean ± SD, n = 30) species. This was greater than that observed in the invaded plots (5.133 ± 1.83) and the difference was statistically significant (t = 2.09, df = 29, p = 0.045). A total of 181 and 154 individuals were recorded in control and invaded plots respectively. Similarly, abundance in control and invaded plots differed by 3.7 ± 3.83 (mean±SD, n = 30) and the difference was significant (t = 4.34, df = 29, p < 0.0001). Control plots also exhibited higher values of species richness by a difference of 0.15 ± 0.51, species evenness by 0.019 ± 0.02; Shannon index of diversity by 0.2 ± 0.34 and Simpson index of dominance by 0.22 ± 0.35 ( Table 3) . For individual district, native flora differed significantly in species density (S), abundance per plot (N), species evenness (Jꞌ) and Simpson index of dominance (λ) but not in overall species richness (R) and Shannon index of diversity (Hꞌ). Parthenium invasion had significant impacts on all ecological indices except species richness (R) at site 1 (Attock). For site 2 (Chakwal), only abundance was affected significantly. For site 3 (Islamabad) invasion impacts were not significant only on native species abundance. Species evenness (Jꞌ) was non-significant for site 4 (Jhelum) while for site 5 (Rawalpindi) the only index significantly affected by Parthenium invasion was species evenness (Jꞌ) ( Table 4 ). The ordination (nMDS) and ANOSIM showed significant magnitude of differences between species composition of invaded and control plots in all sites with global R values of 0.876 (p = 0.002), 0.519 (p = 0.002), 0.598 (p = 0.002), 0.907 (p = 0.002) and 0.759 (p = 0.002) for Attock, Chakwal, Islamabad, Jhelum and Rawalpindi, respectively (Fig. 6) . The greatest dissimilarity between invaded and control plots was noticed by Jhelum. Similarity percentage (SIMPER) analysis of data suggested those species contributing most to average dissimilarity between control and invaded groups. This analysis also computed average contribution of species causing dissimilarity. Few top species separating invaded plots from non-invaded plots (control) for analysis are enlisted in Table 5 . Tephrosia purpurea and Lathyrus aphaca were found in control Qureshi et plots while they were not observed in invaded plots, whereas a grass species (Poa annua), and broad leaf species like Solanum, Ricinus and Taraxacum were conspicuously displaced in Parthenium invaded plots. Values are average abundance ranking (1-rare; 2-common; 3-very common; >4-dominant)
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Discussion
Parthenium weed exerts significant impact on natural communities by displacement of native species and hence exert discrepancy in natural ecosystems. This discrepancy results in formation of its large monocultures. In present study, comparisons of ecological indices across invaded and control plots indicated significant differences in the study area. These findings are in-line with other studies on this alien invasive weed, in which indicated strong effects of the invader on ecosystem properties, e.g., in grazing and wastelands of district Attock (Riaz and Javaid, 2011), district Hafizabad, (Riaz and Javaid, 2010) and Islamabad, Pakistan (Shabbir and Bajwa, 2007) .
The results show modifications in vegetation composition of invaded and control plots. Analysis of variance among invaded and control plots showed significant decrease in ecological indices across site and invasion status. These results are consistent with other studies on invasive species indicating their negative effects on biodiversity and ecosystem properties (Manchester, 2000 (Nigatu and Sharma, 2013) . Wide environmental adaptability, drought tolerance, photo and thermo-insensitivity, high seed production and short life cycle (being an annual), small and light seeds capable of long distance travel via water, wind, birds, animals and vehicles, longevity of seeds in soil seed banks, strong competition and allelopathy contribute to the The ordination (nMDS) and ANOSIM showed significant magnitude of differences between species assemblages of invaded and control plots. The difference was significant for all of five study sites but the greatest dissimilarity between invaded and control plots were noticed by Jhelum. It was reported that the Parthenium plant has a higher survival rate in higher level of soil salinity (Upadhyay et al., 2013), a condition inimical to establishment of many native plant species. Consequently the higher invasion impacts in Jhelum are possibly due to its saline soil (Anonymous, 2017) .
SIMPER analysis showed dominance of fewer species in invaded plots than in control. These were Tephrosia purpurea and Lathyrus aphaca. Possible reason for their presence in invaded plot may be due to their aggressive nature as weeds in their own right. Perhaps higher contribution values of Fabaceae weeds is due to competition potential with Parthenium as suggested by Belachew and Tessema (2015) ; Gnanavel (2013) . There is an urgent need of appropriate control measures including the use of proven biological control agents for this weed in Pakistan as done elsewhere around the globe/world, e.g., Australia and South Africa (Kaur et 
Conclusion
The increased occurrence of invasion around the world poses a major threat to indigenous diversity. Plant invasions in novel areas deplete species diversity, alter indigenous community composition, affect ecosystem processes and thus cause huge ecological and economic imbalance. Invasive species studied in the past revealed that the effects of invasion are complex and can permanently alter the function and structure of communities, cause local annihilations and changes in ecosystem processes. Invasion by alien plant species affect the composition and dynamics of species on a wide scale and have great impact on ecosystem functions. The decrease in ecological diversity indices in invaded over control sites in present study indicated that plant communities become less productive due to Parthenium invasion, hence it is a threat to plant diversity of invaded areas. There is an urgent need of appropriate control measures including the use of proven biological control agents for this weed in Pakistan.
